pea seedborne mosaic virus (PSbMV) but progenies from certain apparently minute. The homogenate was centrifuged also valuable sources of resistance to this PSbMV-immune parents may show at4. The supentantuwas pathogen (3, 10, 12, 13, 17) . Resistance in susceptibility to the virus only after a saved, and the pellets were resuspended in pea to the common strain of PSbMV is series of inoculations (11). Likewise, the sa te bf and et rifug ed a0
reported to be conditioned by a single variety of plant responses to PSbMV for 5 min. The combined supernatants recessive gene, designated sbm by infection m ay affect virus eradication were5 cein ifuge atm1,00 g fore5 minnth Hagedorn and Gritton (8). Infection in procedures when slow development of were centrifuged at 1,000 g for 5 mm, the pellets were discarded, and the supernatant this host species may be latent or may be the virus in test plants results in delays in was centrifuged at 10,000 g for 20 mn. At expressed by a wide variety of symptoms detection with bioassay or serological this stage, the pellets contained the ranging from rapid and lethal to delayed methods (2,9). The interaction between cytoplasmic inclusions and the superand transitory (11, 15) . This variety of PSbMV and pea or lentil becomes more natant ineduthenvirus The viru plant responses in pea has suggested a apparent as we study more representatives precontated by ving The ne modifier-gene system affecting resistance of the host and pathogen. The followin glycol (PEG, mol wt 8,000,4% [w/v] final to this virus (11). Recently, variants of report distinguishes three isolates of concentration) while stirring for 1.5 hr at
PSbMV have failed to infect pea cultivars PSbMV by differential responses of pea 4 C. The precipitated virus was collected susceptible to the common strain but genotypes to infection, demonstrates the by centrifugation at 10,000 g for 10 min resistant to bean yellow mosaic virus value of cytoplasmic inclusion protein and resuspended in 40 ml of 0.02 M (BYMV). Gene mo, responsible for (CIP) antisera to detect the virus in plant phosphate buffer, pH 8.2, with 0.1% 2-resistance in peas to BYMV, has been tissues, and notes a new leguminous mercaptoethano . The virus preparation reported to confer resistance to these species, chickpea (Cicer arientinum L.), was centrifuged in 30% (w/v) CsCi variants of PSbMV (6) . Resistance in susceptible to PSbMV. gradient at 80,000 g for 24 hr at 6 C. The lentil to the common strain of PSbMV is virus zone was removed and diluted in an conferred by a single recessive gene, MATERIALS AND METHODS equal volume of buffer, then the virus was designated sbv by Haddad et al (7).
Virus isolation and tests for infection, precipitated by adding 0.3 M NaCI and Inheritance of resistance to the lentil The isolates were obtained from seed-5% PEG while stirring 1 hr at 6 C. The strain is yet to be determined, borne infections of single plants in germ preparation was centrifuged at 10,000 g plasm accessions P1 432112 (isolate from for 15 min, and the pellet was resuspended Flexuous, rod-shaped particles with a mosaic, stunting, and leaf malformation), samples were used at 1:20 (w/v) in modal length of 750-780 nm were Pisum sativum, Lens culinaris, and Cicer phosphate-buffered saline, 1% polyvinylobserved in leaf sap of Ranger pea arietinum. In the last three species, more pyrrolidone (mol wt 40,000), 0.001 M infected with P-l, P-4, or L-1. The three representative lines were tested and ethylenediaminetetraacetic acid, and 1 isolates were detected by both direct and different responses were observed. drop per 1,000 ml of polyoxethylene indirect ELISA when antisera to P-1 and Reactions of pea genotypes. All pea sorbitan monolaurate (Tween 20). Micro-L-1 virions were used as well as with the cultivars tested were infected by the P-l ELISA wells were coated with 5 big/ml antiserum to a known PSbMV isolate isolate and expressed symptoms within 7 -y-globulin, and the globulin-akaline obtained from R. 0. Hampton. Antisera days of the first inoculation. Symptoms phosphatase conjugate was used at 1:400.
to CIP from Ranger pea infected with P-I in the greenhouse throughout the year In the indirect method, test samples were or L-l reacted much more strongly with the consisted of early leafroll and veinclearing, used at 1:20 (w/v) in coating buffer and three isolates in the indirect ELISA than developing into a mosaic, usually with the antiserum was used at 1:1 ,000 in the direct method. In the indirect test, some stunting. Isolate P-4 also infected dilution. Antiserum to a known PSbMV reactions were stronger between all three all pea cultivars tested with severity equal isolate obtained from R. 0. Hampton antigens and both CIP antisera than they to that of P-i, but in many cultivars, and used in earlier studies (2) was used to were with antisera prepared from either symptom expression was delayed 7-10 compare ELISA reactions with those virus (Table 1) . Extracts from samples days in winter and infection was erratic. obtained with antisera produced from Pinfected with L-1 reacted more strongly Detection by ELISA was also delayed in 1 and L-1 antigens. Reactions were with all five antisera in parallel tests than these cultivars infected by P-4. In early measured with an Artek 210 microdid those from P-i-and P-4-infected summer (May and June), this delay was ELISA spectrophotometer (Artek Systems tissues, and the strongest reactions were often only 3-4 days, and more test plants Corporation, Farmingdale, NY). Samples observed in lentil samples. Samples became infected in the first inoculation. were diluted when necessary to obtain the infected with the P-4 isolates usually gave The long delay of infection by P-4 in appropriate readings. the lowest A 405 nm absorbance in direct cultivar Bonneville during winter could Table 1 . Serological reactions (infected:heaithy ratios) between P-i, P-4, and L-i pathotypes of pea seedborne mosaic virus (PSbMV) in pea, lentil, and chickpea and antisera to standard PSbMV, P-i and L-l virions, and cytoplasmic inclusion protein (CIP)
Indirect ELISA
Ranger pea (antisera) Tekoa lentil (antisera) Surutato 77 chickpea (antisera) be shortened and erratic infections and 249631), from Argentina (304646), months in the greenhouse. It may be improved if Bonneville showing symptoms and from Mexico (312195). significant that delay in symptom was used as the inoculum source instead expression, such as in pea cultivars of Ranger. The host range of P-4 DISCUSSION Sparkle and Wando, for example, is remained the same, whichever source of Virus isolates P-l, P-4, and L-1 have associated with resistance to infection by inoculum was used. Isolate L-1 infected similar morphology, host range, isolate L-l, and furthermore, resistance fewer pea cultivars, and those not symptomatology, seed transmission to BYMV. We are investigating these infected with this isolate were the same as capacity, and serological reactions to apparent associations. Delays in symptom those for which delays in symptom other isolates of PSbMV. They differ, expression and PSbMV detection in expression were observed in inoculations however, in their infection of pea infected tissues have been noted previously with P-4 (Table 2) . No cases of latent genotypes and therefore may be considered (2,9). The genetic basis in the host and infection were detected in L-l infections.
Antigens

P-1(v) P-1(CIP) L-1(v) L-I(CIP)a P-1(v) P-l(CIP) L-l(v) L-l(CIP) P-l(v) P-l(CIP) L-1(v) L-1(CIP) H(v)b
pathotypes of PSbMV. Isolate P-l, relations to pathotypes of PSbMV need L-1 infection invariably resulted in causes the well-known leafroll and further clarification. marked leaf cupping, leaf malformations, mosaic in pea cultivars that are mosaic, and shortened internodes leading commonly associated with the common to severe stunting. strain of PSbMV (9). Isolate L-1 is much Table 3 . Reactions of plant introductions of Plant introductions (PIs) of peas more severe in susceptible pea cultivars.
PisumsativumtoP-i, P-4, andaL-I pathotypes reported homogeneously immune to
This isolate in our tests only infected pea of pea seedborne mosaic virus PSbMV by Hampton and Braverman cultivars that were also susceptible to Virus pathotypes (11) also did not become infected by P-i, BYMV, as does the PSbMV-L isolate isolates (14) were also used to distinguish manner than P-1. Its development in bThese lines include some susceptible plants. between P-i, P-4, and L-1 isolates. PIs these cultivars is delayed and infectivity is 269818 and 269774 were consistently erratic, especially during the winter infected by P-4 only. PI 174319 Table 4 . Responses of chickpea (Cicer responded to P-1 infection with a rapid, arietinum) to manual inoculation with whole-plant necrosis but was only pathotypes P-I, P-4, and L-I of pea seedborne moderately affected by P-4 and severely 
